Abstract. The constantly increasing demands on product quality place higher requirements on production machines. The machine we investigated is a hydraulic press. Higher accuracy is required and measured on the clamping plates for the tool or on the press frame. The effect of additional cooling in the frame is investigated on a hydraulic press which is intended for production in an industrial production line. The shaping phase of fabric car parts takes place in the mould of this press. The press mould is heated for technological reasons and causes heating of the frame. Heating of the frame causes undesired additional deformation. This paper investigates a press design with additional cooling circuits and its influence on the press work accuracy.
Introduction
The thermal influence of machines is usually greater when machines are larger and when the temperature difference is higher. The machine must be designed to maintain high accuracy under heavy loads and large temperature differences. All safety regulations and customer requirements must also be respected.
Emphasis is placed on determining whether cooling the press frame has a positive effect, and under what conditions it is appropriate to use such cooling circuits. A FEM (Finite element method) computational model was created for this purpose. Three representative configurations of the computational model are presented, described and compared in this paper. From these results can be drawn conclusions for a suitable design of the press construction.
The precision of the press is usually measured by a 3D laser measuring system on the press clamping plates or on the frame of the press to which the clamping plates are fixed. The overall value of the flatness of the evaluated parts is assessed in the results section. An example of a different type of press where there is also a combination of high loads and thermal influence up to 200°C is a curing press [1, 2] . Press parts, heating and cooling circuit holes are identified in Figure 1 . Part planes used for flatness analysis are also shown in the figure.
FEM Model
Finite element method in Abaqus software is used for the analysis. Only one quarter of the press was modelled thanks to geometrical and force symmetry. The analysis is solved as stationary. The tool has standard dimensions normally used on this type of press. 3D elements with 8 nodes were used to discretize the model. Press parts material properties such as: density, Poisson's ratio, Young's modulus, specific heat capacity, thermal conductivity and thermal expansion were obtained from the following literature [3] [4] [5] [6] [7] [8] [9] . Some material properties are defined as temperature-dependent. Tie constrains are set between firmly connected parts. Contacts are set between parts which have to allow shift to make the model act as a real press. The force is exerted by two double acting hydraulic cylinders. Pressure was defined to be equivalent to total closing force 4000 kN. 
Static Boundary Conditions of Computations

Results
Figures 2 and 3 show the temperature fields in computations 2 and 3. The temperature fields in those figures are the same but the scale is different to show the areas where the temperature on the frame is higher than permitted (45°C). Fig. 4 shows the overall displacements of the whole press for computations 2 and 3. The highest values of displacements have insulation boards which have high thermal expansion coefficient. The accuracy of this press is specified by the value of flatness. The values for individual analyses are specified in Table 1 . The higher the value of flatness, the worse the overall press accuracy is. Considering the press stiffness, the values of von Mises stress are low and are not the main purpose of this analysis. 
Results Evaluation and Summary
The table has lower stiffness, so it deforms under static load many times more than the ram. Table 1 shows a positive straightening of the table upper surface (in computation 2) due to the temperature difference which is mainly seen on the lower and upper surface of the part. The temperature difference causes displacements which are opposite to the displacements from static loads. The phenomenon of opposite displacements which is caused by the temperature difference is the same for the ram. The difference is that the displacements due to the static load are too small, so the overall value of flatness increases due to temperature influence. To achieve higher accuracy in this press it would be appropriate to use cooling for the ram and not use cooling for the table.
Based on the results of the analyses, there are two options to achieve required accuracy. The first is to design the press frame to be very stiff with thick insulation and with additional cooling circuits in the frame. The second possible way is to design the press with such stiffness that the static bending will be as much as possible eliminated by the "temperature bending" (displacements). By cooling the frame, it is possible to achieve higher accuracy (flatness), but it is necessary to thoroughly analyse which part of the frame needs to be cooled and it is also necessary to investigate the cooling performance for the desired temperature/accuracy.
